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Abstract 
In this paper we focus on the effect of the temperature on two different solar cell semiconductor materials, one of them is the GaAs 
based solar cell and the other one is the In0.2Ga0.8N based solar cell. After simulating and extracting the electrical parameters of 
these devices in various temperatures from ATLAS (the two dimensional device simulator software), we compare those parameters 
between two different solar cell materials so as to introduce one of them as a better semiconductor material working in high 
temperatures. 
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1. Introduction     
       Satellites spacecrafts working outside of the atmosphere provide their energy from the sunlight. In order to 
convert the solar energy into the electrical energy, the solar panels comprising of solar cells are installed on the surface 
of satellites or spacecrafts. These solar cells are exposed to the high temperatures. Like all other semiconductor 
devices, solar cells are sensitive to temperatures. Increase in temperature reduce the band gap of semiconductors, 
thereby effecting most of the semiconductor material parameters, the decrease in the band gap of a semiconductor with 
increasing temperature can be viewed as increasing Therefore increasing the temperature reduces the band gap in a 
solar cell. An increase in a solar cell’s operating temperature causes a slight increase in the Isc and a significant 
decrease in Voc. The increase in Isc is typically small, usually in the range of tens of micro amps/Ԩ-cm2. The change 
in voltage due to temperature is more significant at about which is varied in different material solar cells. These 
changes will be addressed as each has an effect on the power and efficiency of the solar cell. The changes in Voc 
contribute the majority of the changes is efficiency [1]. The impact of increasing temperature is shown in the Fig.1.  
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Fig.1. The impact of increasing temperatures on the Voc and Isc
      In this paper, we first study the electrical characteristics of a single junction GaAs based solar cell in various 
temperatures then after extracting these parameters for In0.2Ga0.8N, we compare these  solar cell’s electrical parameters 
in various temperatures. 
     The effect of temperature on the Voc and Isc is explained in detail as follows. 
1.1. The influence of temperature on the VOC of the solar cell
 The main temperature dependence of a solar cell arises from the variations of  Voc  with temperature. The changes 
in voltage result from the balance between direct, indirect, and Auger recombination rates of the carriers and the 
photogeneration of electron-hole pairs [2]. The change in the band gap also has an effect on the voltage. The first 
factor to be addressed is the temperature dependence of Voc based band gap changes. For most materials, the band gap 
decreases as temperature increases. The narrowing of the band gap creates a reduction in the Voc. The result is a 
reduction in the cell’s efficiency. The following equation relates the semiconductor’s band gap energy as a function of 
temperature [3]. 
2
( ) (0)g g
TE T E
T
α
β= − +                                                                                                                                           (1) 
 Where Eg(0) is the band gap energy at zero temperature, T is the temperature, and alpha and beta are the 
coefficients for band gap temperature dependence for a material. The change in band gap due to temperature has a 
large effect on cell performance, but electron-hole recombination contributes to the overall voltage decrease. Green 
uses the three types of recombination in an in-depth physics-based model to show the relationship between changing 
Voc and temperature [2]. A simplified result of his derivation showing the relationship of Voc to temperature is [2]:
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Where Voc is the open circuit voltage, Eg is the band gap appropriate of the recombination process of interest, T is
the temperature, kT is the thermal voltage and  f is a general function in the limiting cases used in [2], ζ and 0gE  are 
described in equation (3) and (4) respectively: 
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Temperature has different effects on short circuit current density, open circuit voltage and subsequently efficiency 
and fill factor. Results obtained from simulation are presented in table.3.
Table.3 Simulation extracted results of In0.2Ga0.8N based solar cell in various temperatures. 
By increasing temperature from 300°K to 400°K, the short circuit current density (Jsc) increases very slightly by 
0.016 (mA/cm2) as shown in table.3, on the other hand, the open circuit voltage (Voc) is decreased by 0.18 V. The 
conversion efficiency and fill factor decreases by 2.79% and 3.61% respectively. 
4. Conclusion 
 Temperature has a significant influence on the electrical parameters of a solar cell. The short circuit current 
increases slightly but is relatively stable at higher temperatures, while the voltage is reduced. This combination causes 
an overall drop in power as the cell temperature is increased. The combination of the two effects result in a general 
trend to loss in efficiency and power as temperature increases, mainly due to the decrease in voltage. Different solar 
cell materials have different temperature resistances. It can be seen from simulation results that single junction 
IN0.2Ga0.8N based solar cell has a better behavior than single junction GaAs based solar cell in higher temperatures. If 
we ignore Isc changes in higher temperatures, other electrical parameters have a significant decrease by increasing in 
temperature. The efficiency and the fill factor decrease by 2.79% and 3.61% respectively from 300k to 400k in 
In0.2Ga0.8N  based solar cell. However, these changes for GaAs based solar cell are 5.02% and 4.63% respectively.  
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Temperature 
(לK) 300 325 350 375 400 
JSC (mA/cm2) 15.99 15.994 15.998 16.002 16.006 
Voc (V) 2.2 2.15 2.11 2.06 2.02 
Eff (%) 23.87 23.17 22.47 21.77 21.08 
FF (%) 91.81 91.16 90.05 89.36 88.2 
